and increasing recognition of antibody-associated encephalitic syndromes, 4 ,5 the cause of encephalitis remains unknown in 40% to 70% of cases. [6] [7] [8] [9] Although considered the criterion standard for some causes of encephalitis, [10] [11] [12] [13] brain biopsy is typically a diagnostic modality of last resort. Prior clinical practice guidelines for encephalitis recommend that a brain biopsy be considered when the diagnosis is unclear or there is rapid clinical deterioration. 1, 2, 14 In neuropathologic practice, brain biopsies that reveal encephalitis but do not yield additional insight into the origin are reported as encephalitis, not otherwise specified (pathologic ENOS). Some patients with ENOS diagnosed by biopsy also have clinical ENOS. Some patients suspected of having other diseases, such as neoplasms or demyelinating or degenerative diseases, are also sometimes diagnosed as having ENOS by brain biopsy.
Patients who are pathologically and clinically considered to have ENOS pose a challenge in management. As such, ENOS is a vexing entity for neurologists and pathologists, and a systematic approach to diagnostic evaluation in such patients is needed. In this retrospective case series from a large urban academic medical center, we performed a systematic review of all patients diagnosed as having ENOS by brain biopsy. The main goal of the study was to examine diagnostic outcomes in these patients to help improve management of future cases.
Methods
The University of California, San Francisco, Committee on Human Research approved the study protocol and approved a waiver of informed consent for this retrospective review. The Department of Pathology, University of California, San Francisco, electronic database was searched by 2 of the authors (G.G. and T.T.) for all cases from January 1, 1983, through December 31, 2011, in which the term encephalitis was included in the final pathology report. One of the authors (J.M.G.) reviewed available paper and electronic medical records and abstracted clinical, laboratory, and radiologic details using a standardized data collection form. Two study pathologists (G.G. and T.T.), initially masked to clinical follow-up, again reviewed available slides and original pathologic material, including additional special stains and immunohistochemical stains when necessary.
For statistical analyses, the χ 2 test was used to analyze associations between abnormal contrast enhancement on magnetic resonance imaging (MRI) and final diagnosis and year of biopsy and final diagnosis. P < .05 was considered statistically significant. STATA statistical software, version 12.0 (StataCorp), was used for these analyses.
Results
From January 1, 1983, through December 31, 2011, we found 128 patients for whom the term encephalitis was identified in the final pathology report (Figure) . Of those, 31 autopsy cases were excluded from analysis because the pathologic diagnosis of encephalitis was established only at autopsy. The causes of encephalitis in the autopsy group included the following: human immunodeficiency virus (HIV), 7 patients; cytomegalovirus, 5 patients; herpes simplex virus, 4 patients; paraneoplastic disease, 3 patients; Aspergillus, 2 patients; tuberculosis, 1 patient; rabies, 1 patient; Pseudallescheria boydii, 1 patient; amebiasis, 1 patient; and West Nile virus, 1 patient. In the remaining 5 patients, the cause could not be determined by autopsy and after review of clinical records, and the diagnosis was ENOS. Among the remaining 97 patients with brain biopsy specimens in which encephalitis was observed, 39 patients receiving outside consultation were excluded because of insufficient tissue and/or clinical information. Fifty-eight patients met the inclusion criteria and were included in the study. Among the 58 patients (23 females and 35 males) who met inclusion criteria, the median age was 40 years (interquartile range, 23-52 years; range, 0-82 years), and 13 (22%) had known HIV/AIDS.
Thirty-five patients underwent stereotactic biopsy, 11 patients underwent open biopsy, and 10 patients underwent resection. Operative data on the type of surgery were missing for 2 patients. There was no association between biopsy type and identification of a more specific cause of encephalitis on brain biopsy (P = .44). Data about contrast enhancement at the biopsy site were available for 50 patients. The biopsy site revealed contrast enhancement on MRI or computed tomography in 31 (62%) of all 50 biopsies and 26 (76%) of 34 stereotactic biopsies. The biopsy site was contrast enhancing in 22 of 36 patients (61%) who underwent preoperative brain MRI and 10 of 15 patients (67%) who underwent only preoperative head computed tomography.
The initial pathologic diagnosis was ENOS in 49 patients. The remaining 9 patients had specific diagnoses, which included the following: toxoplasmosis, 3 patients; progressive multifocal leukoencephalopathy, 2 patients; Rasmussen encephalitis, 2 patients; herpes simplex virus encephalitis, 1 patient; and granulomatous encephalitis, 1 patient. Among the 49 patients (22 females and 27 males) with pathologic ENOS, the median age was 40 years (interquartile range, 27-53 years), and 9 (18%) had known HIV/AIDS. The median time from symptom onset to biopsy was 66 days (interquartile range, 18-135 days).
Original pathologic material was available for review for 29 patients (59%) and was unavailable or of insufficient quantity or quality for reanalysis in 20 patients (41%). Subsequent neuropathologic review led to a more specific categorization in 10 of the 29 patients (34%). These diagnoses included the following: demyelinating disease, 1 patient; progressive multifocal leukoencephalopathy, 1 patient; diffuse glioma, 2 patients; lymphomatoid granulomatosis, 1 patient; toxoplasmosis, 2 patients; a macrophage-rich lesion compatible with ischemia, 1 patient; mesial temporal sclerosis, 1 patient; and AIDS-associated central nervous system lymphoma, 1 patient. The remaining 19 patients were still classified as having ENOS after additional neuropathologic review. Among the 10 patients whose conditions were reclassified after pathologic review, additional immunohistochemical analyses were useful in reclassifying the diagnosis in 5. In the remaining patients, additional sections from the blocks obtained for review purposes were compatible with the specific diagnoses rather than ENOS, and such features had not been appreciated in the original sections or may not have been present in the original material.
We were not able to demonstrate a statistically significant association between contrast enhancement at the biopsy site and the ability to render a specific cause of encephalitis histopathologically (P = .79), but all 4 stereotactic biopsies that led to a more specific diagnosis had contrast enhancement at the biopsy target.
Clinical records and postbiopsy clinical follow-up information were available for 42 patients with pathologic ENOS at a median of 1 year (range, 0-21 years). Among these patients, 26 (62%) presented with multifocal active lesions on brain imaging, 6 (14%) had a solitary mass lesion, 6 (14%) had focal encephalopathy (of whom 5 had clinical and radiographic features of limbic encephalopathy), 2 (5%) exhibited seizures with unihemispheric abnormalities or atrophy, and 2 (5%) had a global encephalopathy with nonspecific imaging features. Among the 19 patients who still had ENOS after additional neuropathologic review as part of this study, a definite diagnosis was evident in 6 (32%) based on ancillary testing, subsequent clinical information, and clinical follow-up (Table) . These diagnoses included the following: primary central nervous system lymphoma, 2 patients; Rasmussen encephalitis, 2 patients; paraneoplastic encephalitis (CV2/CRMP5 and Ma2), 1 patient; and Listeria monocytogenes, 1 patient. Of these 19 patients, 3 were lost to follow-up, and the cause was still not apparent in 10 patients.
Of 20 patients with ENOS in which the original pathologic material was unavailable for review, follow-up clinical information was available for 11 patients (55%). A more specific clinical diagnosis was apparent in 6 of these 11 patients (55%) (Table) . The diagnoses included tuberculosis, herpes simplex virus 2, toxoplasmosis, bacterial abscess, and leucine-rich glioma inactivated 1 encephalitis. The sixth patient was subsequently diagnosed as having gliomatosis cerebri on autopsy. The remaining 5 patients were still classified as having ENOS. 
Discussion
There are several lessons from this study of patients with ENOS diagnosed by brain biopsy. First, ENOS was the most common initial histopathologic diagnosis among all types of encephalitis, implying that standard histologic evaluation is unlikely to yield specific causes unless additional analyses are performed. Second, in some patients, it may well be worth having the biopsy materials reviewed again by an expert neuropathologist with the use of currently available special tests because review led to reclassification of some the cases after a more comprehensive neuropathologic analysis. Third, clinical correlation and follow-up coupled with targeted ancillary testing for neoplastic, paraneoplastic, and infectious causes of brain inflammation led to a more specific diagnosis in some patients. This finding suggests that it would be prudent to carefully follow up patients with an initial diagnosis of pathologic ENOS with regular reassessment and use of newly emerging diagnostic tests. Encephalitis is a rare finding among patients undergoing brain biopsy. In a previous study 15 at our institution on the diagnostic utility of brain biopsy in HIV-negative patients, encephalitis was the final diagnosis in 11% of the patients and was the third most common diagnosis among patients with rapidly deteriorating neurologic conditions (after malignant lymphoma and prion disease). However, a specific cause of encephalitis was identified in only a few such patients. 15 In a later series that analyzed brain biopsy findings in rapidly progressive neurologic disease, encephalitis was identified in 4% of patients and "mild, nonspecific inflammatory changes" were observed in 20 of 51 patients (39%). 16 Earlier series examining brain biopsy specimens for evaluation of multifocal brain lesions reported that presumed viral encephalitis was the final neuropathologic diagnosis in 3% of patients. 17 In HIVpositive patients with mass lesions, encephalitis accounted for a few cases, and, although often presumed to be viral, no specific cause could be identified in many published series. 18, 19 These observations are consistent with our findings that ENOS is the rule rather than the exception for most patients with any type of encephalitis diagnosed by brain biopsy. There are many potential explanations for the observation that a more specific diagnosis could not be rendered despite additional neuropathologic review and clinical follow-up in more than half of the patients with ENOS diagnosed by brain biopsy: (1) the causative pathologic mechanism could have been transient and the biopsy performed too late; (2) the biopsy may have been performed too early before specific lesions were established; (3) the biopsy may have been insufficient or biased by sampling; (4) the causative agent may not have been detectable using standard pathologic techniques; and/or (5) follow-up was too short or incomplete. In addition, limited assessment in the pathology laboratory may also overlook a specific pathologic process, and an increasing number of more sophisticated analytical techniques may lead to revision of the diagnosis when subsequently reviewed. In our series, additional evaluation using current analytical techniques approximately a decade after most biopsy specimens had been collected led to a more specific or alternate diagnosis in some cases. When coupled with additional clinical information and follow-up, this effort yielded specific information in a substantial proportion of patients (45%).
In our series, a difference was found between the rates of ENOS diagnoses at autopsy (6%) vs brain biopsy (84%). This observation suggests that limited or insufficient sampling may also lead to a diagnosis of ENOS. One such example was the limited sampling in one of our patients who was subsequently diagnosed as having gliomatosis cerebri only at autopsy. Some of the patients with more specific diagnostic features on a representative biopsy specimen subsequently received a diagnosis with the aid of additional testing or clinical information, which also suggests that sampling could be an important problem for cases diagnosed as ENOS.
Evaluation of other organ systems at autopsy may also provide additional diagnostic data not clinically considered during the acute illness (such as discovery of a likely culprit tumor in probable paraneoplastic encephalitis cases). However, this discrepancy may also be explained by a selection bias due to the referral pattern and indication for autopsy and biopsy. For example, in this series, 7 patients with AIDS had evidence of HIV encephalitis at autopsy even though the encephalitis had not been the primary cause of death.
In large North American and European series that examined patients with a clinical presentation of encephalitis, a specific cause is identified in only 30% to 60% despite extensive evaluation. In these series, identified causes of encephalitis consisted almost entirely of infectious and primary inflammatory origins. [6] [7] [8] [9] The results from our analysis indicate that malignant tumors, particularly lymphoma and gliomatosis cerebri, should also be diagnostic considerations for pathologic ENOS. The presence of nonspecific inflammatory changes in tissue samples from patients with malignant tumors of the central nervous system may lead to the diagnosis of pathologic ENOS, only to confirm the specific diagnosis with subsequent representative sampling. 20 The importance of obtaining representative samples for accurate diagnosis is well known, especially for smaller samples. Neuropathologic and neurosurgical studies [21] [22] [23] [24] have attempted to correlate sample location with radiologic abnormality with the site of biopsy, and there is good evidence that more directed sampling can increase diagnostic yield. However, we were not able to demonstrate that biopsy specimens obtained from enhancing sites had a better diagnostic yield than those that did not sample the enhancing lesions. The inability to demonstrate such an association may be related to the number of cases reviewed. Larger studies might demonstrate a better correlation between certain radiologic features and diagnostic yield in patients with encephalitis. This study has important limitations. First, we identified encephalitis cases using a pathology database search and de-Copyright 2014 American Medical Association. All rights reserved.
fined ENOS pathologically. Patients with a clinical presentation of encephalitis who did not undergo brain biopsy were not captured in this data set, and this analysis is not meant to answer the question of diagnostic utility of brain biopsy for suspected encephalitis. Second, the number of cases in which a final diagnosis became apparent may have been underestimated because of missing data or limited clinical follow-up in a subset of cases. Additional reasons for not determining a final diagnosis may include the inability to generate new slides from fresh-frozen specimens or cut new blocks from fixed specimens for advanced immunohistochemistry studies that were not available at the time of biopsy.
This study also surveyed patients during a 30-year period in which many new diagnostic entities were identified, including blood and cerebrospinal fluid testing for antibodies targeting specific neuronal antigens, which may have helped to reveal a final diagnosis in some of the earlier ENOS cases. 4 Nonetheless, this study provides a rationale for comprehensive neuropathologic assessment, subsequent follow-up, and period inquiry about newly established tests for patients diagnosed as having ENOS. Prospective studies are needed to more fully characterize long-term clinical outcomes of patients with ENOS, and our results demonstrate the necessity of developing additional and more sophisticated analytical techniques and follow-up strategies to understand the cause of disease in patients who remain in the ENOS category even after comprehensive neuropathologic and laboratory analysis and clinical follow-up.
Conclusions
ENOS is the most common category of encephalitis diagnosed by brain biopsy. Ancillary testing, clinical correlation, and clinical follow-up establish more specific diagnoses in some patients. More advanced methods and better neuropathologic and clinical diagnostic algorithms are needed to characterize these patients.
